T here has been recent interest in sex differences in stroke with a focus on the first 3 months after stroke. 1 We recently reported that females had more severe strokes, higher short-term mortality, and different management in comparison to males. This was explained by females' greater age and prevalence of comorbidities at stroke onset, 2 findings supported by a recent review. 3 Others have suggested that being female is a risk factor for poorer outcomes in the acute period independent of age and other covariates, 1 raising the possibility of a sex bias in the diagnosis or treatment of stroke in females. Alternatively, biological differences between the sexes could influence outcome. For example, differences in muscle strength could explain worse functional outcomes in females. 4 Despite this recent interest, there has been little discussion of sex differences with regard to outcome in the longer term after stroke. This review addresses this gap, exploring sex differences in (1) functional outcomes, also known as "activity limitations" and historically as "disability"; (2) handicap, also known as "restriction of participation"; and (3) quality of life.
Methods
We used a systematic search strategy to identify relevant literature. We searched PubMed, EBSCO/CINAHL, and Embase for full-text, English language articles published up to August 2011. All searches included the terms "stroke," "cerebrovascular," "cerebral infarction" OR "cerebral ischemia/ischemia" and "intracerebral hemorrhage/ hemorrhage." For full details of our search strategy, the online-only data supplement.
The titles of articles identified were examined and studies not focused on stroke or assessing the relevant outcomes were excluded. Abstracts were examined, selecting studies that: (1) were hospitalbased with consecutive ascertainment or population-based incidence studies; (2) reported functional outcome, handicap, or quality of life; (3) were conducted Ն12 months after stroke because most recovery will occur before this time 5 ; and (4) reported results according to sex. A study was excluded if it: (1) was hospital-based with consecutive ascertainment but excluded certain patients, because such studies are more prone to selection bias; or (2) was based in a rehabilitation hospital because sex differences in discharge destination might have made results less generalizable. 1 All studies meeting these inclusion and exclusion criteria, irrespective of sample size or completeness of follow-up, were included.
Results and Discussion
Functional outcomes refer to an individual's ability to execute activities of daily living (ADL). In stroke, these outcomes are closely related to the severity and type of neurological impairment. They are generally assessed at the level of personal ADL (PADL) such as walking, feeding, and bathing. Instrumental ADL is an extension of PADL to more complex tasks such as housekeeping and social interaction. 6 Restoring these functions is a focus of rehabilitation because they are strongly associated with independent living. In a previous review, Jongbloed 7 concluded that sex was not a predictor of function after stroke from the 7 studies available at that time, a view supported by a recent review of predictors of ADL 3 months after stroke. 8 In both, limited detail was provided with respect to the adjustments made for confounding.
We identified 21 studies of PADL 9 -30 and 5 of instrumental ADL 10, 11, 19, 20, 31 that met our inclusion criteria (Table 1) . See http://stroke.ahajournals.org for further details of the included studies (online-only Data Supplement Figure I ; online-only Data Supplement Table I ). The most common instruments were the modified Rankin Scale and the Barthel Index, each widely used with reasonable reliability and validity in stroke populations. 32, 33 There were 4 studies specifically designed to identify sex differences in PADL with all finding females had worse functional outcomes after stroke. 9, 13, 21, 22 All studies adjusted for age, 2 adjusted for stroke severity, 21, 22 and 2 adjusted for vascular risk factors. 13, 21 Among studies not designed to examine sex differences, 5 reported that females had worse outcome than males in unadjusted analyses 10 and independent of age, 11, 16, 23, 24 stroke severity, 23, 24 prestroke disability, 23 comorbidities, 24 depression, 11 living alone, 11 recurrent stroke, 11 and cognitive impairments. 11 In contrast, others reported no association between sex and long-term functional outcomes in unadjusted analyses 11, 12, 20 or after adjusting for age, 16, 18, [25] [26] [27] [28] [29] [30] [31] socioeconomic factors, 29 stroke severity, 17,18,25-27,29 -31 prestroke disability, 16, 25, 27 treatment, 27 mood, 18 and comorbidities. 15, 17, 26, 29 There were fewer examinations of instrumental ADL by sex. 10, 11, 19, 20, 31 Only the study by Feigin et al 11 adjusted for potential confounding factors. They reported that females had lower Frenchay Activities Index scores than males, but this did not persist in a model with age, dependency in PADL, and cognitive problems. It is possible that the sex difference in Frenchay Activities Index scores may have remained if PADL was not included in the model. Of the remaining studies, 3 found females had worse instrumental ADL functioning than males 10, 19, 20 ; 1 reported no sex difference for overall instrumental ADL but that females performed better on household tasks but worse on heavy household tasks, work, and outings. 31 Our synthesis of the literature thus suggests that females have worse functional outcomes in the long term after stroke, but the difference between the sexes is greatly reduced when confounding factors are taken into account. Of the 12 studies that adjusted for at least age and stroke severity, 15, 17, 18, [21] [22] [23] [24] [25] [26] [27] 29, 30 4 reported that females had worse outcomes than males, whereas the remainder reported no sex difference. Important covariates appeared to be age, stroke severity, and prestroke functional status. Few authors considered the latter despite data showing females have worse prestroke function than males. 34 In general, population-based studies less often reported a sex difference in functional outcomes than hospital-based studies. This possibly reflects that hospital-based studies include more severe strokes, which are more frequent among females. Unfortunately, 
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M indicates male; F, female; BI, Barthel Index; FAI, Frenchay Activities Index; mRS, modified Rankin Scale; ADL, activities of daily living; IADL, instrumental activities of daily living; FIM, Functional Independence Measure; Y, adjusted for in analyses; -, not adjusted for in analyses; sociodemographic factors: living arrangement, marital and socioeconomic status; mood: depression, anxiety; comorbidity: vascular risk factors, cognitive functioning.
several population-based studies could not be included because they failed to report functional outcomes according to sex. More studies with an a priori hypothesis regarding sex differences in functional outcomes are warranted. In particular, adjustment for covariates such as prestroke functioning, stroke severity, acute management, and other outcomes such as depression should give a better insight into possible mechanisms for such sex differences.
Handicap
Handicap, also known more recently as "restriction of participation," describes restriction of involvement in life situations. 35 These situations may include social relationships, work, and leisure activities. Despite suggestions it is the outcome of most relevance to stroke survivors, 36 it is 1 of the least described.
We identified 5 studies meeting the inclusion criteria. 11,37-40 For results, see Table 2 . Four of 5 studies used the London Handicap Scale, which is validated for use in stroke. 41 Further details of the included studies are given in online-only Data Supplement Figure II and online-only Data Supplement Table II. Most authors reported that females had more handicap than males in univariable analyses 11, [37] [38] [39] with only 1 study 40 failing to find a sex difference. In general, sex did not independently predict overall handicap scores when adjusted for other factors such as age, poststroke disability, and mood. The inclusion of poststroke PADL in the analysis of handicap in the study by Feigin et al 11 likely represents overadjustment and our conclusion may have differed if PADL was not in the model. In contrast, Clarke et al 37 reported that sex was associated with total scores on the Reintegration to Normal Living scale in multivariable analyses but was modified by marital status. Married females with stroke had more handicap than married males, 42 suggesting that females' possession of multiple family roles before stroke may make them more vulnerable to the effects of stroke than males. 43 Some authors examined sex differences in domains of handicap. Feigin et al 11 reported that females were more restricted than males in mobility, physical independence, and occupation/leisure domains of the London Handicap Scale but less restricted in terms of economic self-sufficiency. Lo et al 40 reported that, despite no difference in overall handicap, females had greater physical independence handicap than males after adjustment for age, dependence in ADL, and financial assistance. The authors did not present disaggregated results, so it is unknown if sex differences in other domains of handicap were found.
In summary, females generally had greater handicap than males in the long term after stroke. In most studies, adjustment for age, functional outcome, and depression after stroke attenuated the sex difference. Despite increased research into handicap after stroke, many authors did not report sex-specific data, and hence we could not include their studies. Further studies designed to examine sex differences in handicap in the long term after stroke are needed to clarify the relationship.
Quality of Life
The World Health Organization 44 defines quality of life as an "individual's perception of their position in life in the context of the culture and value systems in which they live in relation to their goals and expectations." Health-related quality of life (HRQoL) instruments commonly comprise physical, social, and mental domains, aligning with the notion that health is a state of complete well-being and not just an absence of disease. 45 We identified 19 studies meeting our criteria. 10,11,20,46 -61 Results are shown in Table 3 . For further details, see online-only Data Supplement Figure III and online-only Data Supplement Table III . A variety of instruments were used to measure HRQoL, the most common being the SF-36, which is frequently used in stroke research and is reasonably valid. 62 
M indicates male; F, female; LHS, London Handicap Scale; RNL, Reintegration to Normal Living Scale; Y, factor adjusted for in analyses; -, not adjusted for in analyses; sociodemographic factors: living arrangement, marital and socioeconomic status; mood: depression, anxiety; comorbidity: vascular risk factors, cognitive functioning.
Females generally had lower HRQoL than males in unadjusted analyses. 10 48, 54, 55, 57, 59 and depressive symptoms. 11, 53, 57, 60 Few included adjustment for comorbidities. 47, 54, 60 There was no clear association between sex and HRQoL in studies in which multivariable analyses were undertaken. Only 1 group reported that females had better HRQoL than males 60 
M indicates male; F, female; SIP, Sickness Impact Profile; MCS, SF-36 mental component score; PCS, SF-36 physical component score; QoL, quality of life; VAS, visual analog scale; QLI, Quality of Life Index; WHO, World Health Organization; AQoL, Assessment of Quality of Life; GHQ, General Health Questionnaire; Y, factor adjusted for in analyses; -, not adjusted for in analyses; sociodemographic factors: living arrangement, marital and socioeconomic status; mood: depression, anxiety; comorbidity: vascular risk factors, cognitive functioning. adjustment for age, depression, and functional outcomes reduced the magnitude of the association between sex and HRQoL suggesting confounding by these factors. The included studies were heterogeneous with no clear differences between those finding an association versus those that did not with regard to the instruments used, type of study, length of follow-up, or region that the studies were conducted.
Of importance is the lower HRQoL of females in the general population. 63, 64 The reasons proposed for this include that females more often have chronic conditions such as arthritis 65 and have different socioeconomic status compared with males. 63 Adjusting for such factors attenuates sex differences in healthy populations. It is possible that better control for these factors would have attenuated the sex differences seen in some stroke studies.
Some authors reported sex differences in HRQoL after adjustment for potential confounders. Although this may be due to incomplete control for confounders, it could also be a real difference. One explanation may be that females experience a greater alteration in their family role after stroke, as discussed in relation to handicap. 43 Sex differences in HRQoL between healthy individuals are substantially accounted for by family factors. 64 In summary, females have lower HRQoL after stroke when compared with males. This appears mostly due to their greater age, higher prevalence of disability, and greater depressive symptoms. However, because some authors found that females still had worse HRQoL than males after adjustment, this raises the possibility that sex itself does influence HRQoL. We did not identify any studies meeting our inclusion criteria that were designed to examine sex differences in HRQoL after stroke. The included studies might therefore have incomplete covariate selection. Studies paying particular attention to potential confounders, mediators, and effect modifiers of the association between sex and HRQoL are needed to clarify the association.
Limitations
Despite a standardized search strategy across several key databases, it is possible that some studies were missed. We included all studies that met the inclusion and exclusion criteria even if sample sizes were small or loss to follow-up was high. This may mean that some studies we included had unreliable results. However, the prospect of bias in the estimate of the sex differences is reduced in wellconducted population-based studies, because selection bias is likely to be less of a problem. Although not a limitation brought about by the authors, the failure of many investigators to report sex-specific data resulted in the exclusion of otherwise relevant studies.
Conclusion
Females generally have worse functional outcomes, greater handicap, and poorer HRQoL than males in the long term after stroke. Although this may be due to their advanced age, poorer health before stroke, and tendency to sustain more severe strokes, the lack of consistency in the selection of covariates and the small number of purpose-designed studies make drawing conclusions difficult. There is growing evidence that the sex differences seen in other aspects of stroke such as stroke presentation, acute management, and shortterm outcomes are not due to a sex bias per se. 3 Rather, females who have stroke may be more vulnerable to worse outcomes because of differences in their demographic, social, and medical histories compared with males. Few studies have been designed to examine sex differences in long-term outcomes after stroke and as such, this hypothesis remains to be proven.
SUPPLEMENTAL MATERIAL Supplemental methods

Literature search
We used a systematic search strategy to identify relevant literature. We searched PubMed, EBSCO/CINAHL and Embase for full-text, English language articles published up to August 2011. Across all outcomes we included the terms 'stroke', 'cerebrovascular', 'cerebral infarction' OR cerebral ischaemia/ischemia' and 'intracerebral haemorrhage/hemorrhage'.
For handicap, we searched for the terms 'handicap' and 'participation' but also related domains including 'work OR employment OR job', 'relationship', 'social', 'leisure', and 'marriage OR marital'. For functional outcomes, we searched for 'disability', 'disabled', 'functional status', 'functional outcome', 'functional limitation', 'activities of daily living OR ADL', 'basic activities of daily living OR BADL', 'personal activities of daily living OR PADL' 'instrumental activities of daily living OR IADL', or 'extended activities of daily living OR EADL'. For quality of life, we searched for 'quality of life', 'wellbeing', 'life satisfaction' and 'health status'. The terms 'sex OR gender OR male OR female OR men OR women' were included in searches for all outcomes.
We defined long-term as at least one year after stroke to account for recovery, which can continue to one year and even beyond. S1 To ensure that results were reasonably generalizable, only studies that were population-based or hospital-based with consecutive case ascertainment were included. Studies based in rehabilitation hospitals were not included due to possible sex-differences in discharge destination after stroke, as discussed in detail by Reeves et al. S2 Abstracts of articles meeting the above criteria were examined by SLG. Those where the focus was stroke patients and where levels of functional outcomes, handicap or quality of life were reported by sex were included in our review. One author (SLG) did searching, article selection and data extraction for functional outcomes and handicap, while others undertook this process for quality of life (PLT, KM). Figure S1 shows the results of the online literature searches for functional outcomes. Table S1 provides further details of each study we included, including the years of case ascertainment, total number of cases and percentage of females at baseline and follow-up.
Supplemental results
Functional outcomes
Handicap
The results of the literature search for studies reporting sex differences in handicap are show in Figure S2 . We also provide more details of the included studies in Table  S2 .
Quality of Life
The results of the literature search for sex differences in quality of life are given in Figure S3 . In Table S3 , are further details for each of studies included in our review. 
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